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(57) Abstract 

A maskless photolithography system for use in photolithography of a desired mask pattern on a photo resist coated subject includes 
a light source (32) for projecting a collimated beam of light, a first lens system (34), and a pattern generator (38). Upon receipt of the 
prescribed mask pattern information, the partem generator (38) generates a resident mask pattern therein to be imaged upon die photo resist 
coated subject A mask pattern design system is provided for outputting the prescribed mask pattern information corresponding to the 
desired mask pattern to the pattern generator (38). The maskless photolithography system further includes a second lens system (40) and a 
subject stage (44). The subject stage (44) is provided for receiving the subject thereon during a photolithographic exposure, wherein light 
from the light source (32) is directed through the first lens system (34), from the first lens system (34) to the pattern generator (38) and 
emanating from the pattern generator (38) with die desired mask pattern, into the second lens system (40), and lastly onto the photo resist 
coated subject 
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MASKLESS PHOTOLITHOGRAPHY SYSTEM 

Background of the Invention 

The present invention relates generally to semiconductor manufacturing 
equipment, and more particularly, to a photolithography system for use in the 
5 manufacture of semiconductor integrated circuit devices. 

In conventional photolithography systems, the photolithography 
equipment requires a patterned mask to print a mask pattern on a photo resist 
coated surface or subject. The subject may include, for example, a 
semiconductor substrate. The conventional patterned mask or photomask may 

10 include, for example, a quartz glass mask. In addition, with the conventional 
photolighographic system, a photo resist coated subject must be aligned to the 
mask very accurately using some form of mechanical control and sophisticated 
alignment mechanism. The cost of the conventional patterned mask is very 
expensive also, in addition to a typically very long mask purchase lead time. 

15 The long mask purchase lead time is not very helpful when a short product 

development cycle is desired. Still further, if a particular mask design is found 
to require a design change in the pattern, no matter how small of a change, 
then mask modification cost and a respective lead time to implement the 
required change can cause serious problems in the manufacturing of the 

20 desired product. 

In typical integrated circuit design activity, a particular mask may be 
modified or undergo modification on the order of seven to eight times, maybe 
even more, before completion of the design activities associated with a 
particular integrated circuit. Naturally, total cost of making the mask is very 

25 expensive and can become cost prohibitive. In addition, a corresponding total 
lead time becomes very long as a result. 

Still further, in conventional photolithography systems for integrated 
circuit fabrication and other applications, such as printed circuit board 
manufacturing, the use of a printed mask is required for disposing a desired 

30 mask pattern onto a resist coated subject. The printed mask is typically made 
at a mask printing manufacturer or mask shop, for example, with the use of a 
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very sophisticated electron beam direct writing system or photography system 
to print a desired design pattern onto a transparent substrate material, such as 
a quartz glass plate. In addition, highly sophisticated computer systems may 
also be necessary. 

5 With respect to the manufacture of semiconductor integrated circuit 

devices, for example, one disadvantage with the use of a conventional patterned 
mask is that conventional patterned masks increase the manufacturing cost of 
the semiconductor integrated circuit devices. The use of conventional 
patterned masks furthermore undesirably lengthens a manufacturing cycle 

10 time in terms of a given mask purchase cycle time. Mask purchase cycle time 
includes the time involved in the purchasing of a desired mask from a mask 
vendor for use in the patterning of a photo resist coated surface. Still further, 
with a conventional patterned mask, when light is directed through the pattern 
thereof, for example where the pattern includes sub-micron slits and feature 

15 sizes, the light is subject to being diffracted in an undesirable manner. As a 

result, a complicated lens system is required to compensate for the effects of the 
undesired diffracted light. 

Referring briefly now to Fig. 1, a conventional photolithography system 
10 is illustrated. The photolithography system 10 includes a light source 12, a 

20 first lenses system 14, a printed mask 16, a mask alignment system 18, a 
second lenses system 20, a subject 22, and a subject alignment system 24. 
Subject 22 includes a photo resist coating 26 disposed thereon. During 
photolithography, light 28 emanates from the light source 12, through the first 
lenses system 14, the printed mask 16, the second lenses system 20, and onto 

25 the subject 22. In this manner, the pattern of the mask 16 is projected onto the 
resist coating 26 of the subject 22. 

It would thus be desired to provide a photolithography system and 
method which overcomes the above mentioned problems in the art. 
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Summary of the Invention 

The present embodiment includes a novel photolithography system and 
method for photolithography which requires no use of conventional pattern 
masks for the printing of a pattern on a photo resist coated surface. 
5 One feature of the present embodiments is that an electrical alignment is 

used, wherein the electrical alignment provides an improved alignment 
accuracy over that of a conventional mechanical alignment. 

Another feature of the present embodiments includes an improved 
photolithography system wherein light diffraction problems associated with 

10 conventional photolithographic masks are eliminated. 

Still further, another feature of the present embodiments is that the 
problems in the art as discussed herein above are overcome with the use of a 
computer generated mask pattern displayed with the use of an LCD display or 
through the use of micro mirror arrays. 

15 According to one embodiment of the present disclosure, a maskless 

photolithography system includes a unique computer controlled pattern 
generator. Two types of pattern generation are used. In a first type of pattern 
generation, the pattern is produced with the use of a liquid crystal display or 
LCD panel. The first type of pattern generation is referred to herein as the 

20 LCD display method. In a second type of pattern generation, the pattern is 

produced with the use of micro mirror arrays or a digital mirror device (DMD). 
For the purpose of this invention, a digital mirror device is also referred to as a 
deformable mirror device. The second type of pattern generation is referred to 
herein as the DMD display method. 

25 With the use of either of the two pattern generation methods as 

discussed herein for creating a pattern under computer control, the lithography 
system achieves a significant performance improvement over conventional 
lithography systems. In addition, with the present embodiments, conventional 
photolithography masks are not required. Still further, the requirement for an 

30 elaborate alignment system for use with the subject is eliminated, and thus no 
longer required. Lastly, the photolithography system cost is very much 
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reduced, resulting from the elimination of the requirement for a precision mask 
stage and alignment system. 

Furthermore, with respect to semiconductor manufacturing, 
conventional semiconductor integrated circuit mask making costs and the mask 
purchase cycle time for the photolithographic process are eliminated. In 
accordance with the present embodiments, no printed mask is required to be 
produced which advantageously eliminates any mask purchase cycle time. As a 
result, a semiconductor integrated circuit manufacturing process is further 
improved over known techniques with respect to the photolithography process 
steps. The manufacturing cycle time is improved (i.e., reduced). 
Brief Description of the Drawings 

The foregoing and other teachings and advantages of the present 
invention will become more apparent upon a detailed description of the best 
mode for carrying out the invention as rendered below. However, it is 
understood that the following drawings are used for illustration purpose and do 
not represent all of the embodiments of the present invention. In the 
description to follow, reference will be made to the accompanying drawings, in 
which: 

Fig. 1 illustrates a conventional photolithography system including a 
printed mask for use in the exposure of a photo resist coated subject; 

Fig. 2 illustrates a maskless photolithography system including a 
pattern generator and mask pattern design system according to the present 
disclosure; 

Fig. 3 presents the pattern generator and mask pattern design system of 
Fig. 2 in further detail; 

Fig. 4 is a schematic plan view of the surface of a deformable mirror 
device (DMD) type light valve or micro mirror array showing the orientation of 
the hinges of the individual pixels; 

Fig. 5 is a diagram illustrating the angular separation of the incident, 
ON, and OFF light beams of a micro mirror pixel of a light valve for use with 
the maskless photolithography system of the present disclosure; 
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Detailed Description 

With reference now to Fig. 2, the maskless photolithography system 30 of 
the present disclosure includes a light source 32, a first lenses system 34, a 
computer aided pattern design system 36, a pattern generator 38, a second 
5 lenses system 40, a subject 42, and a subject stage 44. A resist layer or coating 
46 is disposed on the subject 42. Light source 32 provides a collimated beam of 
light 48 which is projected upon the first lenses system 34 and onto the pattern 
generator 38. The pattern generator 38 is provided with appropriate mask 
pattern signal information via suitable signal line(s) 37 from the computer 

10 aided pattern design system 36, wherein a desired mask pattern is made 

available and resident at the pattern generator 38 for a desired duration. Light 
emanating from the resident mask pattern of the pattern generator 38 then 
passes through the second lenses system 40 and onto the subject 42. In this 
manner, the pattern of the mask generator 38 is projected onto the resist 

15 coating 46 of the subject 42. Any modifications and/or changes required in the 
resident mask pattern can be made using the computer aided pattern design 
system 36. As a result, the need for fabrication of a new patterned printed 
mask, as would be required in conventional photolithography systems, is thus 
eliminated by the photolithography system 30 of the present disclosure. 

20 The present photolithography system 30 thus advantageously eliminates 

the conventional photomask requirement in the patterning of a subject with a 
desired pattern. As a result, substantial cost savings are realized in the 
manufacture of subjects which require the use of a patterning of a photo resist 
coated subject. 

25 The present photolithography system 30 furthermore reduces a lead time 

associated with obtaining a particular mask pattern, in addition to a reduced 
repair time in the event that changes to the mask pattern become necessary 
after an initial design implementation. In other words, the lead time and 
repair time of producing a pattern are almost negligible, that is, the lead time 

30 and repair time are very quick in comparison with conventional mask 
generation for a particular integrated circuit design activity. 
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Referring now to Fig. 3, the computer aided mask design system 36 is 
used for the creation of mask pattern information for a desired mask pattern. 
The mask pattern information, for example, can be stored in memory in the 
form of a bit map 35 or the like. The bit map 35 can include individual pixel 
5 data, which is subject to easy modification as may be required for the 

development of a particular integrated circuit design and/or mask pattern 
design. 

The computer aided pattern design system 36 includes a computer aided 
mask pattern design system similar to that which is currently used for the 

10 creation of mask making data information for use in the manufacture of a 

conventional printed mask. The mask making data information includes mask 
data necessary for the creation of a particular mask. With the use of the 
computer aided pattern design system 36, any bit can be easily changed or its 
location moved in a particular mask pattern. Any given mask pattern can be 

15 changed as needed almost instantly with the use of an appropriate instruction 
from the computer aided pattern design system 36. Regardless of the 
complexity of a given mask pattern, the present embodiment may also be used 
for finalizing a given mask pattern from initial design through any and all 
necessary design changes and/or modifications. Once finalized, for example, 

20 with the use of the photolithography system 30 of the present disclosure, the 
mask pattern information may also be used for the creation of a conventional 
printed mask, wherein the conventional mask can be for use in a conventional 
photolithography system. 

With the conventional photolithography systems, precise and very 

25 accurate mask alignment and subject alignment systems are required. 
Referring still to Fig. 3, the present photolithography system 30 
advantageously overcomes the requirement for both precise and very accurate 
mask alignment and subject alignment systems by including an ability to make 
accurate and precise pattern alignment adjustments electronically via a 

30 suitable computer assisted alignment using the computer aided pattern design 
system 36. That is, a particular mask pattern information can be modified 
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readily for obtaining a prescribed alignment, for example, by the shifting of a 
mask pattern image in the bit map 35 as needed to obtain the desired 
alignment. 

As discussed above, the method and system embodiments of the present 
5 disclosure include programmable mask pattern generation with the use of the 
computer aided pattern design system 36 and pattern generator 38. That is, 
the mask pattern to be transferred to the photo resist coated surface of the 
subject 42 is a programmable mask pattern. Thus, with a programmable mask 
pattern, any portion of the pattern on the subject 42 can be manipulated and/or 

10 changed as desired for rendering of desired changes as may be needed, 
furthermore, on a significantly reduced cycle time, i.e., almost instantly. 

In one embodiment of the present disclosure, the photolithography 
system 30 includes a liquid crystal display panel for use as a pattern generator 
38 (Fig. 3). With the liquid crystal display panel, light passes through the 

15 display panel and onto the subject 42 being exposed with the mask pattern. 

That is, light enters a first side 38a of the LCD panel and emanates from an 
opposite side 38b of the LCD panel with the mask pattern information 
contained therein. The mask pattern information is provided to the LCD panel 
via signal line(s) 37 from the computer aided mask pattern design system 36. 

20 In a second embodiment of the present disclosure, the photolithography 

system 30 of the present disclosure includes a micro mirror device. With the 
micro mirror device, light is reflected according to the pattern of pixels as 
controlled according to a prescribed pixel/bit mask pattern received from 
computer aided mask design system 36. The light reflecting from the micro 

25 mirror device thus contains the desired mask pattern information. 

As discussed above, in the second embodiment, the pattern generator 38 
includes a micro mirror array. Such a micro mirror array may include any 
suitable light valve, for example, such as that used in projection television 
systems and which are commercially available. The light valves are also 

30 referred to as deformable mirror devices or digital mirror devices (DMD). One 
example of a DMD is illustrated in U.S. Patent 5,079,544 and patents 
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referenced therein, in which the light valve consists of an array of tiny movable 
mirror-like pixels for deflecting a beam of light either to a display screen (ON) 
or away from the display optics (OFF). The pixels of the light valve device are 
also capable of being switched very rapidly. Thus, with the use of the light 
valve, the photolithography system 30 of the present disclosure can implement 
changes in the mask pattern in a relatively quick manner. The light valve is 
used to modulate light impinging thereon in accordance with a mask pattern 
information signal 37 provided by the computer aided pattern design system 
36. In addition, the DMD reflects light, thus no appreciable loss in intensity 
occurs when the patterned light is projected upon the desired subject during 
the lithographic mask exposure. 

With respect to providing a given mask pattern/subject alignment, 
according to an embodiment of the present disclosure, the mask pattern is 
shifted in one or more directions for achieving a desired mask alignment on the 
subject. Alignment is accomplished with the assistance of the computer aided 
pattern design system 36. Adjustments in alignment are carried out 
electronically in the mask bit pattern information provided to the light valve. 
As a result, no special mechanical alignment system is required for the mask or 
for the subject being exposed. Adjustments in pattern alignment can thus be 
easily accomplished. 

Fig. 4 illustrates a light valve 50 in the form of a deformable mirror 
device (hereinafter referred to as "DMD") having an array of reflective pixels 
52. Each pixel 52 is mounted so as to be pivotable about torsion hinges 54 
which are located at two diagonal corners of each pixel. In operation, when an 
appropriate ON voltage is applied to pixel 52, the upper lefthand corner 56 of 
the pixel 52 will move upwardly from the plane of the DMD 50 while the lower 
right-hand corner 58 will move downwardly. Similarly, when an OFF voltage 
is applied, pixel 52 will pivot about torsion hinges 54 so that corner 56 moves 
downwardly and corner 58 moves upwardly. Thus the ON and OFF positions 
comprise two distinct movements of each pixel 52. Generally, pixels 52 can be 
pivoted by 10° to either side of planar. In the ON position, the incident 
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illumination is reflected into the aperture of the second lenses system. In the 
OFF position, the incident illumination is reflected outside the aperture of the 
second lenses system and thus does not reach the subject being exposed. The 
operation of the DMD is illustrated in Fig. 5. DMD 50 may also include a so 
5 called "hidden hinge" configuration in which the hinges for the individual 
pixels are disposed underneath the pixels. 

Fig. 5 illustrates the light path resulting from the switching of pixels 52. 
In Fig. 5, the pixel 52 is in its ON position and the pixel 52 shown in dotted line 
60 illustrates the planar position of pixel 52 when pivoted into its OFF position. 

10 An illumination system schematically illustrated at 62 provides a beam of 

incident light 64 upon the surface of each pixel 52. When pixel 52 is in the ON 
position, the incident beam 64 will be reflected as a beam 66 to the second 
lenses system 70 which will project beam 66 onto the subject 42 being exposed. 
When pixel 52 is activated and pivoted into its OFF position, incident beam 64 

15 will be reflected to an "OFF" beam 68 which is outside of the angle of 

acceptance of the second lenses system 70, so that no light will reach the 
subject from the OFF position of pixel 52. The angle that is necessary to 
completely switch the pixel 52 to the "OFF" position can be calculated by the 
formula: 

20 Pivotal Angle = (02 - 0 1) + 2 

where 62 is the angle formed between the incident beam 64 and the reflection 
beam 66, and 02 is the angle formed between the incident beam 64 and the 
reflection beam 68 respectively. 

A given resolution of the maskless lithography system 30 of the present 

25 disclosure is dependent upon the particular optical system used for the first 
and second optical lenses systems, 34 and 40, respectively. In addition, the 
number of pixels of a given pattern generator 38 or light valve, for example, 
corresponding to the number of pixels of the liquid crystal display or that of the 
micro mirror array, also influences the resolution of the maskless lithography 

30 system 30 of the present disclosure. For a fixed area, the larger the number of 
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WO 00/03307 



PCT/US99/15624 



pixels and/or increased magnification, the greater the resolution of the 
lithography system 30. 

As discussed herein, the lithography system 30 of the present disclosure 
includes a computer controlled pattern generator 38. According to the disclosed 
5 embodiments, two types of pattern generation are used. In a first type of 
pattern generation, the pattern is produced with the use of a liquid crystal 
display or LCD panel. The first type of pattern generation is referred to herein 
as the LCD display method. In a second type of pattern generation, the pattern 
is produced with the use of micro mirror arrays, light valve, or deformable 

10 mirror device (DMD). The second type of pattern generation is referred to 

herein as the DMD display method. With the use of either of the two pattern 
generation methods as discussed herein for creating a mask pattern under 
computer control, the lithography system 30 achieves a significant performance 
improvement over conventional lithography systems. 

15 With the present embodiments, conventional photolithography masks 

are not required. The lithography system 30 of the present disclosure thus 
advantageously eliminates various matters and procedures associated with the 
handling, cleaning, and storage of traditional masks which are used in 
. conventional photolithography systems. Lastly, the photolithography system 

20 cost is very much reduced, resulting from the elimination of the requirement for 
a precision mask stage and alignment system. 

With respect to semiconductor device and integrated circuit 
manufacturing and the present embodiments, conventional semiconductor 
integrated circuit mask making cost and the mask purchase cycle time for the 

25 photolighographic process are eliminated. In accordance with the present 

embodiments, no printed mask is required to be produced which eliminates any 
mask purchase cycle time. As a result, a semiconductor integrated circuit 
manufacturing process is further improved over known techniques with respect 
to the photolithography process steps. That is, the manufacturing cycle time is 

30 improved (i.e., reduced). The present maskless photolithographic method and 
apparatus are applicable for use in the patterning of spherical semiconductor 
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substrates. The present maskless photolithographic method and apparatus 
are further applicable for use in the patterning of planar semiconductor wafers. 

Another feature of the present embodiments is that an electrical 
alignment is used. The electrical alignment provides for an improved 
5 alignment accuracy over that of a conventional mechanical alignment. The 
present embodiments advantageously overcome the problems in the art as 
discussed herein above with the use of a computer generated pattern displayed 
on an LCD display or through the use of micro mirror arrays. 

With respect to manufacture of spherical substrates, the present 

10 photolithography system of the present disclosure is highly useful for the 
patterning of such spherical substrates. A method and apparatus for 
manufacturing spherical-shaped semiconductor integrated circuit devices is 
disclosed in co-pending U.S. Pat. Ser. No. 08/858,004 filed on May 16, 1997, 
entitled "Spherical Shaped Semiconductor Integrated Circuit" and assigned to 

15 the same assignee as the present application, further incorporated herein by 
reference. The manufacturing of spherical shaped semiconductor integrated 
circuit devices as disclosed in Ser. No. 08/858,004 involves a continuous 
atmospheric semiconductor IC manufacturing process. In the patterning of a 
spherical substrate, for example, a forty-five (45) mirror lithography exposure 

20 system could be used, which can also include the use of an equal number of 

micro mirror arrays or DMDs. Each micro mirror array or DMD may include, 
for example, one million mirror pixels per array or device. With one million 
mirror pixels per device, a 0.2 micron resolution may possibly be achieved using 
an approximate fifty to one (50 to 1) ratio. The present lithography system 30 

25 thus enables the economical and advantageous finalizing of a given mask 
pattern to be achieved without the use of a conventional printed mask and 
conventional photolithography system. In other words, the present maskless 
photolithography system enables a semiconductor manufacturer to implement 
design changes as necessary, until a finalized design is achieved, without 

30 encountering the problems as discussed herein associated with the use of 

conventional printed masks. Disadvantages of the conventional printed masks 
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are thus avoided. The present maskless photolithography system further 
supports a fully automated semiconductor integrated circuit manufacturing 
and processing situation. 

While the invention has been particularly shown and described with 
5 reference to the preferred embodiments, or examples thereof, it will be 

understood by those skilled in the art that various changes in form and detail 
may be made therein without departing form the spirit and scope of the 
invention, as set forth in the following claims. 
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What Is Claimed Is: 



1 1. A method for maskless photolithography of a desired mask pattern 

2 on a photo resist coated subject, said method comprising the steps of: 

3 projecting a collimated beam of light through a first lens system and into 

4 a pattern generator; 

5 receiving mask pattern information into the pattern generator; 

6 generating the desired mask pattern according to the mask pattern 

7 information; and 

8 masking the collimated beam of light according to the desired mask 

9 pattern; 

10 wherein a subject stage may receive the masked beam of light thereon 

11 during a photolithographic exposure. 

1 2. The method of claim 1, wherein the pattern generator includes a 

2 transmissive liquid crystal display panel, and wherein the collimated beam of 

3 light enters a first side thereof and emanates out of an opposite side thereof 

1 3. The method of claim 1, wherein the pattern generator includes a 

2 reflective micro mirror array, the micro mirror array including an array of 

3 micro mirrors, wherein the collimated beam of light is incident at a first angle 

4 and emanates irom a second angle different from the first angle in accordance 

5 with the desired mask pattern. 

1 4. The method of claim 3, further wherein each micro mirror of the 

2 array corresponds to a pixel of mask pattern information. 

1 5. The method of claim 1, wherein the mask pattern information 

2 includes mask pattern alignment information, the pattern generator 

3 responding to the mask pattern alignment information for providing a 
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4 prescribed alignment of the desired mask pattern on the photo resist covered subject. 

1 6. The method of claim 1 further comprising 

2 determining an alignment of the photo resist coated subject so that the 

3 alignment may influence the generation of the desired mask pattern. 

1 7. The method of claim 1, wherein the resist coated subject includes a 

2 resist coated semiconductor wafer, 

1 8. The method of claim 1, wherein the resist coated subject includes a 

2 resist coated spherical semiconductor substrate. 

1 9. A maskless photolithography system for use in photolithography 

2 of a desired mask pattern on a photo resist coated subject, said system 

3 comprising: 

4 a light source for projecting a collimated beam of light; 

5 a first lens system; 

6 a pattern generator, said pattern generator for generating/the desired 

7 mask pattern according to mask pattern information, wherein upon receipt of 

8 the mask pattern information, said pattern generator generates a resident 

9 mask pattern therein to be imaged upon the photo resist coated subject; 

10 a mask pattern design system for outputting the mask pattern 

11 information corresponding to the desired mask pattern to said pattern 

12 generator; 

13 a second lens system; and 

14 a subject stage for receiving the subject thereon during a 

15 photolithographic exposure, wherein light from said light source is directed 

16 through said first lens system, from said first lens system to said pattern 

17 generator and emanating from said pattern generator with the desired mask 

18 pattern, into the second lens system, and lastly onto the photo resist coated 

19 subject. 
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1 10. The system of claim 9, wherein said pattern generator includes a 

2 transmissive liquid crystal display panel, wherein light enters a first side 

3 thereof and emanates out of an opposite side thereof. 

1 11. The system of claim 9, wherein said pattern generator includes a 

2 reflective micro mirror array, the micro mirror array including an array of 

3 micro mirrors, wherein light is incident at a first angle and emanates from a 

4 second angle different from the first angle in accordance with the desired mask 

5 pattern. 

1 12. The system of claim 11, further wherein each micro mirror of the 

2 array corresponds to a pixel of mask pattern information. 

1 13. The system of claim 9, wherein the mask pattern information 

2 includes mask pattern alignment information, said pattern generator 

3 responding to the mask pattern alignment information for providing a 

4 prescribed alignment of the desired mask pattern on the photo resist covered 

5 subject. 

1 14. The system of claim 9, wherein said subject stage includes a 

2 subject alignment stage. 

1 15. The system of claim 9, wherein the resist coated subject includes a 

2 resist coated semiconductor wafer. 

1 16. A method of maskless photolithography for generating a desired 

2 mask pattern on a photo resist coated subject, said method comprising the steps 

3 of: 

4 providing a mask pattern design system for outputting mask pattern 

5 information corresponding to the desired mask pattern; and 
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6 providing a pattern generator for generating the desired mask pattern 

7 according to the mask pattern information provided by the mask pattern design 

8 system, wherein upon receipt of the mask pattern information, the pattern 

9 generator generates a resident mask pattern therein to be imaged upon the 
10 photo resist coated subject. 

1 17. The method of claim 16 further providing 

2 a light source for projecting a collimated beam of light; and 

3 a lens system having a first lens assembly set up between the light 

4 source and the mask pattern generator and a second lens assembly set up 

5 between the mask pattern generator and the photo resist coated subject. 

1 18. The method of claim 17 further providing a subject stage having 

2 an alignment stage for receiving the photo resist coated subject during a 

3 photolithographic exposure, wherein the mask pattern is aligned with the 

4 photo resist coated subject and the collimated beam of light is directed through 

5 the first lens assembly, from the first lens assembly to the mask pattern 

6 generator and emanating from the pattern generator with the desired mask 

7 pattern into the second lens assembly, and lastly onto the photo resist coated 

8 subject. 

1 19. The method of claim 16, wherein the pattern generator includes a 

2 transmissive liquid crystal display panel for displaying the desired mask 

3 pattern and emanating light in accordance with the desired mask pattern in a 

4 photolithographic exposure process. 

1 20. The method of claim 16, wherein the pattern generator includes a 

2 reflective micro mirror array, the micro mirror array including an array of 

3 micro mirrors for receiving light at a first angle and emanating fight at a 

4 second angle different from the first angle in accordance with the desired mask 

5 pattern during a photolithographic exposure process. 



- 16- 



WO 00/03307 PCT/US99/15624 



1 21. The method of claim 20, further wherein each micro mirror of the 

2 array corresponds to a pixel of mask pattern information. 

1 22. The method of claim 16, wherein the mask pattern information 

2 includes mask pattern alignment information, the pattern generator 

3 responding to the mask pattern alignment information for providing a 

4 prescribed alignment of the desired mask pattern on the photo resist covered 

5 subject. 

1 23. The method of claim 16, wherein the resist coated subject includes 

2 a resist coated semiconductor wafer. 

1 24. The method of claim 16, wherein the resist coated subject includes 

2 a resist coated spherical semiconductor substrate. 



- 17- 



WO 00/03307 



PCT/US99/15624 



12 



28 



LIGHT 
SOURCE 



10 



/// 



Fig. 1 



14 

s 




16 

,.s 


18 


20 

/ 


LENSES 
SYSTEM 


— >• 


MASK 


MASK 
ALIGNMENT 
STAGE 




LENSES 
SYSTEM 



26 22 24 

i / ■ L- 



SUBJECT 



SUBJECT 
ALIGNMENT 
STAGE 



32 



48 



\2 7 34 



LIGHT 




LENSES 


SOURCE 




SYSTEM 



38 



PATTERN 
GENERATOR 



30 



37- 



Fig. 2 



36 

A. 



CAD 



Fig. 3 



38a 



COMPUTER AIDED 
PATTERN DESIGN 
SYSTEM 



35 

A 



MEMORY 
BIT MAP 

O O O O ' 

o © o 
o e o 



-37 



DISPLAY 
PANEL 

38 



-38b 



40 

A 



LENSES 
SYSTEM 



46 42 44 

I — I — , L 



SUBJECT 



SUBJECT 
ALIGNMENT 
STAGE 



36 



56 
54 



52 54 



50 



/ . / 



~p / 

58 y 



/ / 



/ — / 



Fig. 4 



60 \ / 



SUBSTTTUTE SHEET (RULE 26) 




DMD\ 



Fig. 5 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US99/15624 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) : G03F 9/00 

US CL : 430/5, 395/500 2 
According to International Patent Classification (IPC) or to both national classification and IPC 



a FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 395/500.2,430/5.430/311 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
X 
X 



WO 91/10170 A (FRANCO) 11 July 1991, Abstract, p.12, line 12- 
p.14 line 13, p,31 lines 11-29. 

US 5,082,755 A (LIU) 21 January 1992, col.4, lines 14-23, col.5, 
lines 36-55. 

US 5,138,368 A (KAHN et al.) 1 1 August 1992, col. 5, lines 26-45, 
Fig. 3. 

EP 0 552 953 Al (MUMOLA) 28 July 1993, Abstract, col, 4, lines 
5-36. 

US 5,691,541 A (CEGLIO et al.) 25 November 1997, Abstact, 
col.3, line 22-col. 6, line 50. 

US 4,744,047 A (OKAMOTO et al.) 10 May 1988 



1-24 
1-24 
1-24 
1-24 
1-24 



| | Further documents are listed in the continuation of Box C. [ | See patent family i 



•L- 



•o* 



Special eaaajoriee of cited documents: 

document defming the general state of the art which b iiot considered 
to ba of par ticul ar re l evanc e 

earlier document pohfahad on or alter tha international filing date 

do min a nt which nay throw doubts oo priority claanXs) or which a 
cited to establish tha publication data of anotbar citation or other 
apaeial reason (as specified) 

dom — a nt referring to an oral disclosure, um, exhibition or otbar 
document pttbfebed prior to tha international filing date but later than 



wibhahcri 1 alter tha inte rn ati o na l filing date or priority 



•X* 



date and not in conflict with tha application but cited to 
tha principal or thaory underlying Iba im action 



dooumant of particular relevance; tha claimed invention 
considered noval or cannot ba conaidarad to involve an hw cn thM 
when (ha document b taken atone 



document of particular relevanc e ; the claimed i 
co n s i dered to involve an mv entire step who 
combined with one or mora otbar su 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
10 SEPTEMBER 1999 



Date of mailing of the international search report 

2 9 SEP 1999 



Name and mailing address or the ISA/US 
Commirttoner of Patents and Trademarks 
Bex PCT 

Washington, D.C 20231 
Facsimile Ko. (703) 305-3230 



AujQtrized officer 

baron Gibson 
"clephone No. (703) 308-066 1 



Form PCT/1SA/210 (second sbeetXJuly 1992)* 



